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Abstract 
In this paper we present a flexible sensor element with low power consumption and long-term stability under typical 
aeronautical conditions. Titanium (Ti) is used as thin film metallization material, because of its high corrosion and 
heat resistance. Polyimide foil and also ultrathin glass substrates are used as substrate. Parylene C is used as 
passivation layer for the whole sensor. Long-term stability of a Ti based strain gauge sensor with high resistance and 
low energy consumption on different substrates are investigated.  
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1. Introduction 
Nowadays the needs of economical and energy autonomous flexible wireless sensor system rises 
permanently. Possible applications are health monitoring system for aeronautics, car industries, climate 
research or biomedical systems. For example due to the limited availability of natural resources it is 
necessary to economizing the fuel consumption in transportation industry by using new concepts and 
materials which are optimized for their special functionalities. In this way notable weight reductions are 
possible. However the use of these new materials requires new techniques for monitoring safety-relevant 
parts and structures during operating and under permanent load.  
 
In this work flexible sensor units with long term stability are developed which fulfill following 
requirements: low energy consumption, Flexible and shape adaption to different surfaces, low weight, 
stable and compatible to typical applications and processes conditions (working temperature -55°C until 
85°C, deposition temperature above 300°C). There are also restricting parameters by designing these 
strain gauges; an extension of resistance leads to an increase in space requirements and therefore 
increases the potential errors. A reduction of cross-sectional area by small layer thicknesses affects the 
long-term stability and provides new problems in manufacturing and packaging.  
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2. Material and Methods 
Polyimide foils are used as flexible substrates because of their high chemical resistance and high tensile 
strength. Due to optimized sputtering parameters, low stress and high resistance Ti metallization are 
deposited on different substrates. The strain gauges Sensors have a resistance of about 10 K and are 
operated with a constant voltage source of 2.5V hence have a power consumption of 2.5 mW. Whole 
sensors are capsulated with Parylene C and Al2O3 to ensure their operation in high humidity or wet 
environment. 
3. Results
 Linearity and repeatability of sensors are investigated. To measure the linearity of the sensor different 
strains are applied which are equal to a deflection of the sensor in a range from 0 to 5 mm, in 500 ȝm 
steps. Figure 1 shows a highly linear response. Figure 2 shows the measured signal as a function of the 
number of tests. It shows that the sensor response is highly repeatable.  
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Fig. 1: Linearity of strain gauge sensors                 Fig. 2: Repeatability of strain gauge sensors                 
A series of investigations were carried out to determine Long-term stability of sensors. The tests are 
done at different substrate temperatures and high current density. In these tests, measurement structure in 
the form of 20 parallel conductive lines with size 200 nm x 20 μm x 2 mm is used (Fig. 3).  
 
 
  
Fig.3.  test structure with  
size 200 nm x 20 μm x 2 mm 
Fig.4. Failure of a conductor T-substrate 180 ° C, t = 90 min 
current density 230E +3 A/cm ²    
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 Figure 4 shows the failure in a conductive line at substrate temperature of 180 ° C, after 90 minutes 
and a current density of j = 230E +3 A/cm ².   These failures could be because of the difference in thermal 
expansion coefficient of the polyimide (Į = 32 ppm/k) in compare to titanium (Į = 8.6 ppm/k). Furthers 
investigations show that these failures are not the typical electromigration failure phenomenon [2,3,4]. 
Scanning electron microscope pictures of surface of titanium thin film before and after acceleration aging 
show no accumulation of material (Fig. 5,6).    
 
23 µm
 
85 µm
 
Fig.5.  REM micrograph of titanium surface 
on polyimide substrate before accelerated aging 
Fig.6. REM micrograph of titanium surface 
on polyimide substrate after accelerated aging 
  
For better long-term stability of sensors, ultrathin glass substrates are used. Glass substrates are flexible 
under a thickness of 200 μm [1].  For this work we used thin glass D 263 T eco (Schott) with a 100 μm 
thickness. The thermal expansion coefficient of thin glass substrates is about 6.7 ppm/K which is 
comparable with titanium with thermal expansion coefficient of 8.9 ppm/K and is much smaller of 
polyimide with 32 ppm/K. Figure 7 shows the cross section of a titanium conductive line on thin glass 
substrate using focus ion beam (FIB) and Transmission electron microscopy (TEM). The glass-Ti 
interface is smooth. The surface of titanium layer on glass substrate shoes a homogenous and dense 
structure.    
   
Fig. 7. Cross section (TEM) images of the titanium surface on thin glass substrate  
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Compraring temperature behaviour of a strain gauge sensor on polyimid and thin glass surbstrates
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The strain gauge sensors on polyimide and thin glass substrate are investigated in the temperature range 
from -30 °C to + 80 °C in increasing and decreasing steps.  The temperature behavior of strain gauge 
sensors on polyimide and thin glass substrates are show in figure 8.  Sensors on polyimide substrate 
showing higher temperature hysteresis in compare to the sensors on thin glass substrate. Sensors on glass 
substrates show better temperature behaviors than the sensors on polyimide substrates.  
 
 
Fig. 8: Comparing temperature behavior of strain gauge sensors on polyimide and thin glass substrates 
 
4. Conclusion 
In this work we design and developed strain gauge sensor on different flexible substrate. To protect the 
sensor from the harmful environmental effect the entire sensors surface is encapsulated with an additional 
Al2O3 and Parylene C. Using optimized sputtering parameters, low stress and high resistance Ti 
metallization are deposited, to decrease the power consumption of the sensors. 
To determine the reliability of sensors a set of accelerated (aging) tests are carried out. Extreme 
conditions for the aging process are very high current densities and high temperatures. Investigations 
shows that best results achieved by sensors on ultra thin glass substrate. The advantages of thin glass 
substrates are high temperature, and long-term stability and better temperature response in compare to 
polymers as well as easier processing.   
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